Within the dynamic hierarchical relationship between art and craft and within craft, domestic craft-based textile activities such as knitting, crochet, hand weaving and lace making, while socially and culturally valued, are often considered derivative and lacking in originality. The criticism directed at these activities is derived from the perception of them as conservative, constrained by tradition and resistant to change, with little innovation or sense of uniqueness [1] . Because the concept of creativity is equated with originality and innovation and authenticated through uniqueness, these activities are dismissed as of limited creative merit and little creative potential [2] . This is particularly true when they are compared to, for example, the "fine arts" of painting and sculpture. This dismissal of domestic textile activities as "low" craft, unintellectual and seemingly the antithesis of the "avant-garde, " is predicated in part on the extent to which these activities copy, reproduce and re-create existing pattern forms and use preexisting templates, models, diagrams and written instructions [3] . In addition, marginalization of women's activities is also pertinent to how domestic craftbased textile activities are perceived and valued [4] . However, while important, these issues relating to textiles and gender are addressed elsewhere and will not be a focus of this paper.
Although subject to criticisms such as those summarized above, domestic craft-based textile activities have a long and varied history. Evidence of the manipulation of threads to construct textiles and create patterns can be found across all cultures and throughout recorded history [5] . Significant numbers of women continue to invest substantial amounts of their time and sustained labor on these activities, which attests to their ongoing importance. Cultural commentators suggest that these activities, in countries where they are not primarily undertaken for economic benefit, are fundamental acts of "everyday creativity" and, as such, contribute to discourse on the importance of creativity [6] . Many lace makers, fiber artists and textile practitioners working with craftbased textile techniques and processes support this view. They argue that the outcomes and outputs of these activities, the intellectual input and the creative decisions undertaken, warrant greater aesthetic consideration [7] . In addition, the growing popularity of do-it-yourself (DIY) culture, "maker" culture and "fabriculture, " and the use of textile processes to extend traditional practices are challenging the perception of these activities. This has resulted in domestic craft-based textile activities being undertaken in public environments, on the streets, as acts of public engagement and as activism in the form of "yarn-bombing, " "guerrilla knitting" and "craftivism" [8] . Furthermore, craft-based textile activities have been used to contribute to our understanding of mathematic and hyberbolic forms and to raise awareness of contemporary issues, such as Wertheim and Wertheim's coral reef project [9] . Thus, the innovative potential of these activities is far reaching.
In this paper I reexamine the potential of domestic craftbased textile activities with reference to Phase One of an experimental art research project that I undertook in 2007 [10] . In this experimental project I used digital media technologies and practices to explore the creative potential of crochet lace making. Building on the findings of the project, I argue that domestic craft-based textile activities can offer a wide range Domestic craft-based textile activities, such as knitting, crochet, hand weaving and lace making, are often viewed as being of limited creative potential. The perceived lack of creativity arises, in part, out of the extent to which these activities copy, reproduce and re-create existing pattern forms and use preexisting templates. This paper reports on the findings of an experimental research project that explored the creative potential of crochet lace making using digital media, technologies and practices. It provides critical analysis of how new technologies, practices and theoretical frameworks have implications for ongoing domestic craft-based textile activities.
of innovative possibilities and have not yet reached their creative potential. Drawing on art and digital media practices and theories, I show that domestic craft-based textile activities can be extended to develop new fields of creative endeavor.
My experimental art research project focused on crochet lace patterns, commonly referred to as doilies ( Fig. 1) . These are familiar, domestically produced, hand-made physical pattern forms created from repetitive manual processes and grounded in practices of borrowing, copying and reproduction. Crochet lace patterns are located within a craft context and reflect a set of accepted, long-standing aesthetic values and craft traditions. Because of the free-flowing nature of the crochet technique and the dexterity needed to make crochet lace patterns, machines are not easily able to replicate the process. Thus crochet lace patterns have been impacted only minimally by mechanization and have remained largely stable and consistent throughout periods of technological and social change, such as the Industrial Revolution and globalization. However, similarities exist between the diagrammatic and written pattern instructions for crochet lace and the form, syntax and structure of some computer codes. Therefore, the digital era may potentially have greater impact on the development of these pattern forms [11] . Before exploring how digital media practices and technologies can impact domestic craft-based textile activities, it is useful to contextualize this form of pattern making in relation to innovation, copying and reproduction practices; creativity, innovation and uniqueness; and the crochet technique.
The literature on creativity is extensive and cannot be discussed in detail here. But it is useful to note that creativity has been identified in terms of the end product, process, places conducive to creativity and recognized characteristics of creative people [12] . My project and this paper focus only on creative products and processes. Mark Runco suggests that recognizing creativity occurs when we come to an "understanding" of what is original and effective and in some way novel or innovative [13] . However, what is novel or innovative in a product or process may only be considered so by the maker and not recognized as such by the wider community. This then might be considered evidence of personal creativity, whereas processes and products that eventuate in values that are widely shared as innovative or novel are considered more broadly creative. These shared values as to what is novel and innovative, and therefore creative, are complex social and cultural constructions [14] . In relation to domestic craftbased textile activities, we might then suggest that their level of innovation or novelty has been less socially valued than other activities such as painting or sculpture. This is in part due to the extent to which these activities are associated with practices of copying and reproduction.
While not uncommon, copying has been, and in many areas of production remains, philosophically problematic [15] . Perceptions of the relationships between the copy and the copied, and between copies, are socially and culturally shaped and have negative connotations. Copying is paradoxical in that it is pervasive in contemporary culture while also "subject to laws, restrictions, and attitudes [that] suggest that it is wrong, and shouldn't be happening" [16] . There exists a longestablished practice of copying in fine arts and crafts, with artists and designers copying paintings and working from pattern books to develop their skills. Copying and reproduction have been associated with training, "slavish" repetition, a lack of originality and innovation or, in the case of painters deliberately creating fakes, seen as fraudulent. Greater value and more recognition was given to artists producing original work. However, the introduction of mechanical technologies that facilitated the proliferation of multiplicities challenged the authenticity of (art) objects valued for individuality and uniqueness. Thus, copying and reproduction were perceived as problematic because of the apparent threat these activities represented to the original and unique. It is this problematic view of copying that is carried forward into the critiques of domestic craft-based activities [17] .
The creative potential of copying and reproduction began to be recognized before the prolific use of digital media, which is now synonymous with these practices. The reaction to copying and reception of multiplicities began to shift significantly by the mid-20th century. This can be seen in the response to the work of pop artists such as Warhol and Rauschenberg and minimalists such as Judd. These artists, who foregrounded copying, copies and multiplicities, were perceived as critically engaged artists reflecting 20th-century issues pertaining to, for example, late capitalism, media production and commercialization [18] . While these artists highlighted the manifold nature of popular culture, and while lawyers, businesses and governments grappled with copyright issues and the problems associated with maintaining scarcity and preserving the unique, craft-based textile activities unreservedly and unconsciously continued to produce, copy and reproduce [19] .
In the second half of the 20th century, a shift away from the sole focus on the object produced began to occur in many disciplines. In systems theories, cybernetics, postmodern practices, digital media and new media theories, critical engagement and innovation were being assessed in relation to process. This foregrounding of systems and processes is [20] . These art practices are underwritten by systematic processes that, whether analog or digital, are predicated on the copying and reproduction of text, image and code. Copying and repetition are fundamental to their production, interaction and reception. They rely on re-creation and reproduction as form, content and structure and, importantly, also have the ability to change and be updated. By shifting focus to the process of domestic craft-based textile activities rather than maintaining focus on the object produced, we might reassess the level of innovation and creativity involved. However, before doing so, it is useful to examine the arguments relating to the creative potential of these activities and how copying impacted the objects produced.
While craft-based textile activities were subject to criticism for lack of innovation, 20th-century lace makers argued that lace had a greater potential than was being shown. Most notably, in Czechoslovakia, now the Czech Republic, Emilie Palickova and Luba Krejci in 1925, and, later, Charlotte Delwich of Belgium, maintained that lace and lace making should be considered more than a craft or hobbyist activity [21] . For them, lace making was potentially a profound exploration of the relationship between structure and space, and they claimed they were, as artists, dealing with innovation and originality. In Belgium in 1983, a Lace Biennial was established to "stimulate a critical reflection of lace as it breaks away from its traditional functions and becomes integrated with the multiple aspects of contemporary art" [22] . However, while lace was seemingly free from the utilitarian constraints that impacted other forms of textile activities, for the majority of practitioners, innovation and originality were neither valued nor required in lace making [23] . Experimentation and expressions of individual creativity were actively discouraged and, rather than making new or innovative designs, lace makers primarily recycled existing lace patterns [24] . Those artists who were involved in experimentation and innovation primarily focused on the exploration of materials and scale [25] . No significant attempts were made to change or exploit techniques, to explore the role of pattern in encompassing the relationship between structure and space, or to examine the developmental potential of lace through pattern as a process [26] . As a result, despite some limited attempts to develop lace making, lace has not changed significantly in more than 500 years [27] .
Copying has been endemic in domestic craft-based textile activities, lace making and particularly crochet lace. The crochet technique is believed to have evolved from needlepoint and tambouring and be no more than 200 years old. It was less structured in its implementation than bobbin lace and did not require the maker to closely follow designs marked onto a backing cloth, as required with needle laces. Thus it became known as "lace in the air" because of the freedom it offered [28] . The process of making stitches by simply looping threads was easier to learn and master than many earlier techniques. But while the crochet technique could be used to create new patterns quickly and effectively, it could also be used to quickly reproduce patterns that had been made using more time-consuming techniques [29] . The speed with which the technique could be used to reproduce and re-create patterns enabled production time and costs to be kept to a minimum. Crochet lace making, which was primarily carried out in Ireland as a cottage industry during the potato famine (1845-1849), became the primary source of income for many families [30] . Good prices for lace depended not only on the quality of work but also on the production of patterns that seemingly offered continuity with other more "traditional" forms of lace. Lace dealers commissioned work and decided which patterns would be made and sold [31] .
With the rise of cottage industries in England and Scotland and throughout Europe, documenting patterns became increasingly important [32] . In addition, toward the end of the 19th century and the beginning of the 20th, thread companies began to document patterns and produce and distribute instructional pattern booklets to help expand their sales in the domestic market. Popular women's magazines became a vehicle for the widespread distribution of diagrammatic and written instructions, contributing to the popularity of crochet lace making as a hobby and pastime [33] . As a result, formulaic, copy-based crochet lace making became a widespread activity. Popular patterns increasingly became not only style guides but models, prototypes and templates for pattern forms. This, in effect, reduced the range of patterns in circulation and had an impact on what would subsequently be produced and reproduced. Such practices contributed to a lack of innovation and hegemonic pressure to conform, to the extent that the development of the pattern forms appeared to have reached a stasis [34] .
In order to embrace innovation, break away from the perceived flow of tradition influencing crochet lace pattern forms and disrupt the existing aesthetic, I employed an experimental art practice approach in my research project. In addition, I made use of digital media to facilitate the exploration of evolutionary developments and emergent possibilities. The project developed into a generative art practice focusing on systems and processes and engaging with a systems aesthetic. I began by examining the analog systems, processes and structures involved in crochet lace making. As the project developed I used programming scripts to reconstruct existing crochet lace pattern forms as simulacra in the digital environment and interrogated the patterns further using code and the inherent systems of the environment. The crochet lace simulacra were not produced in isolation but interacted with the digital environment in which they existed. By translating patterns into the electronic digital environment and engaging with the pattern forms at their systematic core, I was able to examine whether the patterns' developmental paths could be altered to create new, evolutionary or emergent pattern forms. I suspended aesthetic judgment of both the patterns selected for reconstruction in the digital environment and the patterns created by manipulating vari-ables in the programming scripts. This enabled me to more fully explore the patterns' developmental potential arising out of the conjoining of the inherent properties of the patterns and the inherent properties of the digital environment.
The project culminated in a series of crochet lace simulacra generated in real time from programming scripts (Fig. 2) . The forms were impacted by algorithms, systems and processes of crochet lace pattern making; digital media technologies (programming scripts, software applications and operating systems); and copying, reproduction and simulation practices. The result was a series of patterns shaped by the rules governing the crochet technique; the structure and form of the underlying code; and the digital environment, which impacted on the pattern forms through system crashes, glitches or "timed out" procedures. As programming scripts were executed, the flow of information was sometimes interrupted by unplanned events such as system halts or inadequate memory resources, as a result of formulaic and syntax errors, or by illogical programming statements. This disruption in the flow of the script caused random and chance events. The resultant patterns impacted and were impacted by the systems from which they were constructed and in which they existed. They developed beyond my control and expectations and without authorial intervention. Planned and unplanned events and mishaps or accidents were embraced-a familiar strategy in art practices that aim to shift the work away from the sole control of the maker. As the programming script played out, temporal and spatial repetition became apparent even when the pattern appeared to "stray" from the planned path. New temporal and spatial stitch sequences formed and alternative visual patterns appeared onscreen. Most patterns generated could be categorized into the following seven outcomes: they stalled, stabilized, formed tunnels, imploded, became disconnected, broke into multiple motifs and/or radiated. Figure 3 shows an evolved disconnected, radiated pattern.
Traditional crochet lace patterns exist simultaneously as physical instantiations (made from thread, wire, etc.), as algorithmic processes (a system or set of rules for construction), in diagrammatic form (schematic drawings), as code and as text (the notation of the system of construction). The onscreen patterns in this experimental project became other instantiations of crochet lace. They existed as simulations, not representations. While it was possible to reproduce the digitally generated patterns physically, it was not necessary in order for them to be acknowledged as crochet lace patterns.
Pattern has been shown to be a highly productive and sophisticated area of research not only in the arts but also in relation to science, mathematics and digital media [35] . There are a number of key properties of pattern that can make it available for change and evolutionary development and suggest emergent potential. They include spatial, iterative, modular and/or informational characteristics. Crochet lace making is an exploration of pattern. Through this experimental project I have shown that crochet lace patterns, in all instantiations, possess the properties that make pattern available for change and development. While conventional crochet lace patterns made physically by hand and from text, diagrams or visually from existing patterns can potentially change, the changes are nuanced and slow. In a digital environment, however, vast change can be effected quickly between instantiations. This project also shows that while the practices of copying, reproduction and re-creation of existing patterns and pattern forms have been widespread in domestic craft-based textiles activities, it is not necessarily the act of copying in itself that has been restrictive. For example, this project has shown that, in the digital environment, the copying and replicating of processes of construction produces crochet lace simulacra. In the reconstruction of these pattern systems and processes, reinvention occurs and the potential for further innovation exists.
We can then conclude that copying is not restrictive per se-that crochet lace patterns have properties that make them available for development. What then are the inhibiting factors in relation to these craft activities? Three issues can be shown to impact their development. Firstly, legacy responses to acts of copying and reproduction propagate dismissive attitudes toward these activities and limit expectations of and by practitioners. Secondly, there has been an ongoing focus on the objects produced, and the innovative potential of the processes and practices has been underestimated. Thirdly, hegemonic and (historically) economic pressures discourage innovation and experimentation, encourage conformity and limit creativity. Therefore, to reach their creative potential and be recognized as more than examples of personal creativity and to show innovation on a broader scale, these activities can be reframed in light of contemporary discourse in relation to art and digital media theories and practices.
With regard to overcoming legacy responses to copying, we might, for example, draw parallels between practices in crochet lace making and elements of DIY, "maker" and participatory culture. By reframing these activities we can recognize the creative potential of copying in domestic craft-based textile activities [36] . For example, with the availability of easy-to-use copying and digital reproduction technologies, copying practices have become widespread, copying is commonplace, and copy-and-paste functions operate symbolically [37] . Copying, pasting, reproducing, borrowing, quoting, sampling, re-enacting, re-creating and reinventing are particularly prolific in digital media practices and participatory cultures. Copying and reproduction activities manifest in acts of "everyday creativity" and are creative processes that can lead to highly creative outcomes [38] . Borrowing, quoting, sampling, reenacting, re-creating and reinventing, while not ascribed these terms, are approaches used in crochet lace making [39] . Furthermore, as information about craft activities is shared and exchanged online by participants, processes, practices, information and memes flow through digital networks and social media sites, creating the potential for greater collaborative and participatory creative practice [40] .
In refocusing attention from the object to the innovative potential of how the object is formed through systems and processes, we might consider that, while many domestic craft-based textile practitioners produce craft objects, they report that this is not their prime impetus for making and that their interest is primarily in "being challenged" and engaging with processes of "creativity" [41] . The digital environment offers many opportunities to extend creativity by removing the focus from the physical object and refocusing attention on the pattern and the process. Working in a digital environment, the craft-practitioner can abstain from some creative decisions, and patterns can be impacted not only by the lace maker but also by the programming scripts and operating systems input from devices connected to the system and to other "end-users. " This project demonstrates how a systems aesthetic, together with reproduction and simulation technologies, techniques and practices, presents innovative opportunities. In the digital environment, complex algorithms allow iterative processes to be carried out quickly and effectively, enabling large numbers of patterns to be created, "mated" and/or "mutated" and observed. In this environment, innovation and authenticity, once located within the object, now reside within the processes and experiences [42] .
Overcoming the hegemony that discourages innovation is challenging in relation to domestic craft-based textile activities. As Gauntlett suggested in an exploration of activities he identifies as acts of "everyday creativity, " the level and form of creative education undertaken by many participants in craft activities does not provide them with the confidence, means or methods to be innovative or experimental or to challenge perceived expectations [43] . However, digital media provides alternative sites for practitioners to engage in exchanges with other practitioners, to see their work and to share information. There is the potential to situate their own work in relation to others, to see innovative approaches and thus to reflect on their own creative potential [44] .
Mechanization, digitization and electronic technologies are part of a societal shift toward an acceptance of copying as a creative act, particularly in relation to digital media practices and technologies. In addition, as a shift occurs in art practices and theoretical frameworks from a focus on the artist and object to the artist object, relations, systems and processes, it is possible to remove the "auratic" lens and reframe these activities in terms of systems aesthetics and digital media theories [45] . In this light, we might see that domestic craft-based textile activities have greater innovative potential than has been perceived and that digital media technologies, processes and practices can extend domestic craft-based textile creative practices, present new opportunities and suggest new sites for creative endeavor. Importantly, examining these activities in a digital environment does not confine the creative future of these activities to digital media. These activities have historically been positioned outside mainstream art practices. They have been peripheral to craft theory; they have a predigital relationship to techniques and practices now synonymous with digital media, art theories and practices; and they embrace systems at the core of contemporary discourse. As activities that are not readily embraced by aesthetic theories and practices, domestic craftbased textile practices may be in a position to contribute to contemporary art, craft and digital media discourse (Article Frontispiece).
